Object. Populationbased data on pediatric patients with aneurysms are limited. The aim of this study is to clarify the characteristics and longterm outcomes of pediatric patients with aneurysms.
P ediatric patients with aneurysms differ from adults regarding their clinical presentation, aneurysm mor phology, and outcome. 3, 28 There is a male predom inance of these patients, 28, 38 and aneurysms tend to be larger, 3 with the most common location being the ICA bifurcation. 42 According to the literature, the incidence of cerebral aneurysms in the first 2 decades of life is rela tively low, consisting of only 0.5%-7% of all aneurysm pa tients. 7, 10, 28, 29, 33, 34, 37, 38, 40, 41, 49 Over the years only a few case reports, smaller patients series, and literature reviews have been published on this topic. 2, 5, 11, [16] [17] [18] 23, [25] [26] [27] 32, 47, 50, 52, 53, 56, 57 In Finland, the prevalence of cerebral aneurysms is the same as elsewhere (2%), 45 but both Finland and Japan have a 3fold higher incidence of SAH compared with other industrialized countries. 9, 39 Finland has a popula tion of 5.3 million people, as well as 5 university hospi tals with neurosurgical departments (that serve the entire population). The Department of Neurosurgery at Helsinki University Central Hospital (HUCH) is the largest neuro surgical center in Finland, with a current catchment area of nearly 1.8 million people, and provides all neurosurgi cal treatments for people living in southern Finland. Our department was founded in 1932 and served as the only neurosurgical unit in Finland until 1967. The first aneu rysm patient was treated in 1937, and since then almost 9000 patients with intracranial aneurysms have been treated in Helsinki.
We analyzed a singlecenter consecutive series of patients who were 18 years or younger at the time of the diagnosis and who had cerebral aneurysms. The purpose of this study was to assess the special characteristics of these rare patients in a longterm followup evaluation and the factors associated with outcome.
Methods

Patient Population
A retrospective analysis was performed on 114 pedi atric patients (≤ 18 years old) with intracranial aneurysms who were admitted to the Department of Neurosurgery at HUCH between 1937 and 2009. Patients with arteriove nous malformation-related aneurysms and vein of Galen malformations were excluded. For every patient, hospital records and available radiological examinations were an alyzed. The diagnosis of SAH was assessed if there were signs of bleeding either on lumbar puncture or CT or if there was a clear history of sudden severe headache, and bleeding could not be ruled out. Initial Hunt and Hess classification 20 was assessed for every patient. For pa tients with a CT-confirmed SAH (n = 9) the Fisher grade 8 was determined. Rebleeding was diagnosed if there was radiological evidence of an increased amount of blood or if the patient had a repeated sudden severe headache, and a rebleed was not ruled out. Conventional angiography (n = 113), and/or CT angiography (n = 3), and/or MR angi ography (n = 5) were performed to identify the aneurysm. One patient with SAH died before an angiography was performed, and the ruptured aneurysm was diagnosed at autopsy. Postoperatively, conventional angiography (n = 72) and/or CT angiography (n = 2) was performed to verify the occlusion quality. For 10 patients postoperative angiography was lacking. Most images obtained before 1990 only included a report by a neuroradiologist. These reports, together with the actual images obtained in the later years, were reanalyzed by a radiologist/neurosur geon (R.K.). The clinical outcome was assessed accord ing to the GOS score. 22 Glasgow Outcome Scale scores of 4-5 were considered good outcomes, and GOS scores of 1-3 were considered poor outcomes. A part of this patient material was previously published in 1981 and 1989.
12,13
Long-Term Follow-Up Data
A new followup evaluation was organized as a writ ten questionnaire to assess the latest clinical outcome. Written informed consent was obtained from patients. Death certificates (provided by Statistics Finland) and autopsy reports were reviewed. The study was approved by the ethics committee of HUCH.
Statistical Analysis
Statistical analysis was performed using commercial SPSS software (version 19.0; SPSS, Inc.). The Pearson chisquare test and linearbylinear association tests were used. A probability value < 0.05 was considered statisti cally significant.
Results
Patients and Symptoms
Age and Sex. From 1937 to 2009, 114 pediatric pa tients with intracranial aneurysms were treated at Depart ment of Neurosurgery at HUCH. These patients represent 1.3% of the 8996 patients treated for aneurysms during that time period. The number of pediatric patients and percentage of all patients with aneurysms during differ ent decades are presented in Table 1 . The mean age of the patients was 14.5 years (median 16.1 years, range 3 months to 18 years), and patients had a total of 130 an eurysms. Fourteen patients were younger than 10 years at the time of diagnosis, including 4 patients with trau matic aneurysms. In the entire series, there was a male predominance of 3:2.
Predisposing Factors. A few patients had predispos ing factors for aneurysmal development. One patient, a 16yearold boy, had a hypoplastic aortic wall. One 6year old boy had polycystic kidney disease. Three patients, 14 and 17yearold boys and a 15yearold girl, had coarc tation of the aorta, all of which were undiagnosed and untreated at the time of SAH, resulting in hypertension on admission (Table 2) . One patient, a 6yearold boy, had tuberous sclerosis complex and 4 fusiform aneurysms, 3 of which were giant aneurysms. This patient did not have vascular involvements in other organs or hypertension. One 17yearold boy had a history of alcohol abuse, and a total of 10 patients were smokers (7 boys and 3 girls, between 15 and 18 years of age). One patient had a fam ily history for aneurysms in first-degree relatives that was reported at the time of admission, and a family history in 13 patients was reported later (the new followup ques tionnaire was available for 64 of 74 patients), yielding a total of 14 patients (12%) with a family history for aneu rysms. Ten patients had a recent history of highenergy head trauma (Table 3 ). There were no other connective tissue disorders common to pediatric aneurysm patients diagnosed in the patients at admission or later. Symptoms. In 89 patients (78%), the first symptom of the aneurysm was SAH (Table 4 ). In only 7 patients (6%), the aneurysms were incidental findings. The diagnosis of SAH was based on lumbar puncture (n = 77, 86%), CT results (n = 9, 10%), operative findings (n = 2, 2%), or clinical assessment (n = 1, 1%). For the patients with SAH and an initial CT scan, the Fisher grades were Grade 4 for 8 patients (89%) and Grade 2 for 1 patient.
Ninety-five patients (83%) were in a good neurologi cal state (Hunt and Hess Grade 0-III) on admission. Ten patients (9%) were Hunt and Hess Grade IV and 9 (8%) were Grade V. Until the 1980s, the patients with SAH were typically initially treated with bed rest, and opera tions were performed 2-3 weeks later. There was no cor relation between the initial Hunt and Hess grades and the time period of treatment.
Aneurysms
Number, Location, and Size of the Aneurysms. The 114 patients in the study had a total of 130 aneurysms, 9 of which were diagnosed later. One hundred and one patients (89%) had only 1 aneurysm, while 13 patients had multiple aneurysms. Of these 13 patients, 11 patients (10%) had 2 aneurysms, 1 patient (1%) had 3, and another patient (1%) had 4 aneurysms. The majority of the aneu rysms (n = 116, 89%) were located in the anterior circula tion, with the ICA bifurcation being the most common location (n = 36, 28%), followed by the ACoA (n = 32, 25%; Table 5 ). The average diameter of the aneurysms was 11.3 mm (median 7 mm, range 2-55 mm), and 12% of the aneurysms were giant (diameter ≥ 25 mm). In the early years of the patient series, vegetables and pellets were used to describe the size and form of the aneurysms. These descriptions were converted into actual SI units as follows: pellet, pea, bean, and finger tip corresponded to 3, 7, 8, and 13 mm, respectively. For 9 aneurysms the ac curate size (in SI units) was not available by any means; that is, aneurysms were described only as small or large in the radiologist reports.
Ruptured Versus Unruptured Aneurysms. The ma jority of the aneurysms (n = 89, 68%) were ruptured on admission. Rebleeding before diagnosis or treatment was diagnosed in 23 (26%) of the patients with SAH. Alto gether 17 patients experienced 1 rebleed, 4 had 2 rebleeds, and 2 patients had 3 rebleeds. In 34 patients (30%) there was a delay in diagnosis of an aneurysm. The mean time between SAH and diagnosis was 41 days (up to 2.7 years), and the delay was usually due to the patients or their fam ilies. Unruptured aneurysms were either incidental find ings or they caused mass effect or seizures. The majority of the traumatic aneurysms (7 of 10) were unruptured. The mean size of ruptured aneurysms was 9 mm (range 2-50 mm), whereas the mean size of unruptured aneurysms was 21 mm (range 2-55 mm). Eight of the cav ernous ICA aneurysms were unruptured. Only 1 of the 36 ICA bifurcation aneurysms was unruptured.
Origin of the Aneurysms. One hundred and one (78%) of the aneurysms were saccular, and 13 (10%) were fusi form. There were 6 de novo aneurysms (5%). There were no infectious aneurysms in our series. There were a to tal of 10 aneurysms that were considered to be traumatic in origin, with all patients having recently experienced a highenergy head trauma. All traumatic aneurysms were saccular.
Vasospasm. Early radiographic vasospasm was di agnosed in 20 (23%) of 89 patients with SAH (general vasospasm in 5 and local in 15). One patient with SAH died before angiography was performed. The existence of early vasospasm was diagnosed from the first conven tional diagnostic angiography, most often performed soon after admission at a median of 9 days after SAH. Postop eratively, 3 patients had symptomatic angiographic vaso spasm. Two patients had focal deficits and 1 patient ex perienced a deterioration of consciousness. Furthermore, asymptomatic radiographic vasospasm was diagnosed in 29 (36%) of 80 patients after surgery. The postoperative angiography was performed at a median of 15 days af ter the SAH. There were no deaths related to vasospasm. There was no correlation between early and postopera tive vasospasm. The existence of early or postoperative vasospasm did not correlate with sex or age of the patient, location or size of the aneurysm, or initial Hunt and Hess grade. Patients with early vasospasm had poorer outcome at both discharge and at longterm followup. Postopera tive vasospasm correlated with outcome only at longterm followup.
De Novo Aneurysms. Six patients (5%) were diag nosed with symptomatic de novo aneurysms, with a mean interval of 25.2 years (range 11-37 years) after the initial aneurysm treatment. All of these patients initially had a ruptured aneurysm. The bleeding from a de novo aneu rysm was lethal in 2 of these cases.
Treatment
Treatment Modalities. Eighty of the aneurysms (62%) were microsurgically operated on, and 37 (28%) were treated conservatively due to various reasons (Table  6 ). Three patients (2%) were treated endovascularly, in cluding 1 patient with a de novo aneurysm treated later at another hospital. Ten patients (8%) died before the planned surgery. Four of the trauma patients underwent a primary operation: craniotomy for subdural and epidural hematomas, EVD for intracranial pressure control, and occlusion of a CSF fistula. Two patients experienced SAH 14 and 20 days after the trauma, respectively, and in both cases the ruptured aneurysms were treated microsurgi cally. There was a statistically significant correlation be tween the chosen treatment modality and the decade of treatment (Table 7) .
Surgical and Technical Details. Surgical techniques included clipping of the aneurysm neck (n = 60), proxi mal occlusion of the artery intracranially or extracrani ally (ligation of the common carotid artery or application of the Crutchfield instrument; n = 6), wrapping (n = 3), trapping (n = 1), ECIC bypass (n = 1), or ELANA high flow bypass (n = 4), and combinations of treatments. In traoperative aneurysmal rupture occurred in 17 patients. Reoperation was required in 10 patients, mainly due to incomplete occlusion of the aneurysm on postoperative angiography. Other reasons for reoperations included a reoperation of a thrombosed bypass graft and a resection of a giant thrombosed posterior cerebral artery aneurysm that was initially treated by proximal clipping of the par ent artery. In the latter case, a decompressive craniectomy was performed after the second operation due to massive edema. In the early years, the surgical approach for an terior circulation aneurysms was pterional, whereas in recent years it has been lateral supraorbital. 15 Endovascular Treatment. One patient, a 15yearold girl, had a ruptured basilar tip aneurysm and was referred to another neurosurgical institute for Guglielmi detach able coil embolization, because at that time this particular method was not available at our department. One 3year old boy experienced a traumatic intracavernous ICA an eurysm presenting with massive epistaxises and the an eurysm was successfully treated using coil embolization.
A 6yearold boy had a giant unruptured fusiform basi lar aneurysm that was first clipped, and the residual was treated by coil embolization and stent placement. Later, a high-flow ELANA bypass was performed and both ver tebral arteries were occluded. One de novo aneurysm di agnosed 37 years later was treated by coil embolization at another hospital.
Conservative Treatment. Of the 130 aneurysms, 37 were treated conservatively, mainly because of poor pa tient neurological condition on admission, limited surgi cal techniques at that time, parental refusal, or spontane ous angiographic thrombosis of the aneurysms (Table 6 ). During earlier decades unruptured aneurysms were not systematically operated on. Seven of the 18 who survived the initial bleeding experienced rebleeds, with 5 of them (28%) resulting in death. The first rebleed was not lethal in any of these patients. There was no correlation between the number of rebleeds and the time of treatment (decade), sex or age of the patient, location or size of the aneurysm, or initial Hunt and Hess grade. Also there was no cor relation with the outcome at discharge and rebleeds. In the later years, 2 of these primarily conservatively treated patients underwent operations. A total of 8 (44%) of the 18 conservatively treated patients with SAH had a good clinical outcome (GOS score of 4-5) at the end of 2010. A favorable longterm outcome among the conservatively treated patients did not correlate with patient age or sex, or with aneurysm location or size.
Completeness of Aneurysm Closure. Postoperative conventional angiography (n = 72) and/or CT angiogra phy (n = 2) was performed to verify the occlusion quality in operatively treated patients, with the exception of 10 patients. These 10 patients consisted of 3 patients with extracranial proximal artery occlusion in the neck, 3 pa tients with wrapped aneurysms, 2 patients whose surgery was limited to exploratory surgery, and 2 patients with clipped aneurysms.
Of the operatively treated aneurysms, 58 (73%) were totally occluded, 8 (10%) had residual filling, and 10 (13%) were completely open. There were no fatal rebleeds from completely occluded aneurysms. However, 5 of the 10 patients with completely open aneurysms after surgery experienced fatal rebleeds, at a median of 64 days (range 4 days to 19 years). There was a statistically significant correlation between the aneurysm occlusion quality and the time of treatment (decade); in the later years the com pleteness of aneurysm closure was higher. One conserva tively treated patient underwent a control angiography 4 External Ventricular Drainage and Shunts. None of the patients with traumatic aneurysms developed symp tomatic or radiographic hydrocephalus. Early hydroceph alus was diagnosed in 4 of the 89 patients with SAH. Two of these patients underwent EVD before the operation and 1 underwent a ventriculostomy via the lamina ter minalis during the aneurysm operation. 31 Three patients had a shunt operation but in 1 of them the shunt was re moved due to infection. Of these 89 patients with SAH, 2 (2%) had permanent shunts and a posterior circulation aneurysm. Only 1 patient with an unruptured aneurysm received a shunt; this patient had a giant fusiform basilar aneurysm causing hydrocephalus.
Treatment for Vasospasm.
Nimodipine has been rou tinely used at our department for all patients with SAH since 1989. 35, 36 Treatment for postoperative vasospasm was classic tripleH therapy (hypervolemia, hypertension, and hemodilution). No angioplasties were performed in these patients.
Deaths. Forty patients (35%) had died by the end of our followup, and 27 of the deaths (68%) were consid ered to be aneurysmrelated. Seventeen (43%) of these deaths occurred during the first year after the aneurysm diagnosis. All these early deaths were either aneurysm or traumarelated, that is, due to massive SAH, rebleed ing before treatment, or rebleeding during conservative treatment. One 16yearold girl had a giant vertebral ar tery aneurysm, which presented with cranial nerve defi cits. The aneurysm was treated with proximal occlusion (Crutchfield instrument), but due to progressive neuro logical symptoms, the clamp was opened on the second postoperative day. This patient died the same day due to a massive SAH. Another 13yearold boy had an SAH from a ruptured leftsided ICA aneurysm. This aneurysm was successfully clipped, and the patient recovered fully. Eleven years later the patient suffered a massive SAH from a rightsided de novo PCoA aneurysm, causing death before treatment.
Follow-Up
Outcome at Discharge. At discharge 73 patients (64%) had a favorable outcome (GOS score > 3), 24 (21%) were dependent, 3 (3%) were in a vegetative state, and 14 (12%) were dead ( Table 8 ). The outcome of patients at discharge correlated with patient age; that is, younger patients had poorer outcome. Other factors associated with poorer out come at discharge were the initial Hunt and Hess grade and early vasospasm. The outcome of patients at discharge did not correlate with year of treatment, sex of the patient, location, size, or rupture status of the aneurysm, treatment method, or the completeness of the aneurysm closure.
Long-Term Outcome. The majority (n = 49) of the surgically treated patients had a 2month clinical follow up at our outpatient department, with a mean followup time of 66 days (range 14-118 days). A new followup evaluation was organized using a written questionnaire that was sent to all 74 patients who were alive accord ing to the national population registry; 64 patients (86%) responded. We were unable to track down 2 patients due to their moving abroad. One patient declined, and 7 did not reply to letters. Eventually, the total followup cover age was 104 patients (64 who responded, 40 who died; 91%), with a mean followup time of 24.8 years (median 29.6 years, range 0-55.8 years). At the latest followup 71 (62%) of the patients had recovered well (GOS score > 3), 3 (3%) were dependent, and 40 (35%) were dead ( Table  8 ). The cause of late disability was SAH or treatment related in 77%.
The most common neurological deficits were mem ory deficit in 21 patients (33%) and cranial nerve deficits in 12 patients (19%; Table 9 ). Fortythree patients (67%) reported having no neurological deficits. Neurological deficits were associated with both partially occluded and completely open aneurysms. A total of 94% of patients with no neurological deficits had a closed aneurysm com pared with 70% in the patients reporting a neurological deficit.
Longterm outcome correlated with aneurysm loca tion, with anterior circulation aneurysms associated with more favorable outcomes. The good neurological condi tion of the patient on admission (initial Hunt and Hess grade) correlated with a favorable outcome. Both early and postoperative vasospasms were associated with a poorer longterm outcome. A favorable outcome did not correlate with surgical and endovascular treatment when compared with conservative treatment. Instead, there was a statistically significant correlation between long-term outcome and completeness of aneurysm closure; patients with totally occluded aneurysms had better longterm outcome. The size of the aneurysm, and the age or sex of the patient, did not correlate with longterm outcome. At the end of 2010 the mean age of those who had survived (n = 74) was 49 years (range 11-73 years). Sev enteen (27%) of the 64 patients with longterm followup data were receiving medication for hypertension and 12 (19%) for epilepsy. Ten patients (16%) had a diagnosis of arteriosclerosis and 7 (11%) had diabetes. Rheumatic dis order had been diagnosed in 2 patients (3%) and kidney disease in 2 (3%). The majority of patients (41/64, 64%) were former or current smokers. At the time of the latest followup, 27 patients (42%) were current smokers, with 29.7 mean years of smoking (range 5-51 years). There were 14 former smokers (22%), with 16.2 mean years of smoking (range 2-40 years).
The majority of the longterm survivors (n = 58, 91%) lived at home independently without assistance. Four (6%) lived at home with assistance and 2 (3%) lived in a nursing home. None of the patients were permanent ly hospitalized. Overall 18 patients (28%) finished high school. Ten patients (16%) had college degrees and 2 (3%) had university degrees. Most of the patients believed that the aneurysm and its possible treatment had no effect on their success at school or career selection. Twelve patients (19%) worked as professionals, whereas 50 (78%) worked as laborers. Of the longterm survivors 2 patients (3%) had to retire soon after SAH due to cognitive deficits. At the end of followup 41 patients (64%) were working or studying, and 8 (13%) had modified their work/study due to aneurysmrelated reasons. Fifteen patients (23%) had retired, 5 of whom (8%) had retired due to aneurysm related reasons.
Discussion
Between 1937 and 2009, 114 consecutive pediatric patients (mean age 14.5 years, age range 3 months to 18 years) with cerebral aneurysms were admitted to the Department of Neurosurgery at HUCH. We present the largest singlecenter experience with the longest clinical mean followup (> 24 years) of this patient population. The special characteristics of the patients and aneurysms were assessed. The comorbidities of the patients during the long followup period were analyzed, as well as edu cational level, activities of daily living, and employment status.
Patients and Symptoms
In our study, the overall proportion of pediatric pa tients with cerebral aneurysms in Helsinki from 1937 to 2009 was 1.3%. The proportion during the years 1968-1979 was 3.1%, as reported by others. 13 The proportion has decreased during the last few decades partly due to the more active treatment of older patients with ruptured and unruptured aneurysms. During the earlier years pa tients older than 60 years of age were not considered surgical candidates. There was a male predominance of patients in this series (61%), consistent with other studies in the literature. 25, 28 The main risk factors for aneurysm formation and rupture in the adult population are hypertension, smok ing, excessive alcohol abuse, previous aneurysm rupture, and female sex. In our series there were 7 patients (6%) with a known predisposing factor: 3 patients had aortic coarctations with hypertension, and all later underwent operations. One patient had polycystic kidney disease, and 1 had a hypoplastic aortic wall.
There was 1 patient with tuberous sclerosis complex and multiple giant fusiform aneurysms. Intracranial vas cular lesions are very rare in tuberous sclerosis. In recent years numerous case reports 19, 24, 51 and a few literature re views 4 have been published concerning intracranial aneu rysms among these patients. However, tuberous sclerosis is still not commonly considered a predisposing factor for intracranial aneurysms, and a recent paper 46 did not recom mend routinely screening for vascular lesions in these pa tients. Beltramello et al. 4 suggested that intracranial aneu rysm can be added to the nonprimary diagnostic features for the clinical diagnosis of tuberous sclerosis complex.
In our series, there were no other vasculopathies or systemic connective tissue disorders. In a recent publica tion by Sanai et al., 48 the amount of significant comorbid disease in pediatric patients with aneurysms was reported to be as high as 28%. Our data were collected over a long time span, and in the early years the possible underlying connective tissue disorders may have not been noticed. However, when studying the medical records and written questionnaire there was no indication of connective tissue disorders in the patients, even later in life.
One patient had a family history of intracranial an eurysms at the time of the diagnosis. Notably, in the new followup, there were 14 total patients with a positive fam ily history; that is, a first-degree relative had a diagnosis of an intracranial aneurysm. According to our results in pedi atric patients there is no tendency for increased family his tory for cerebral aneurysms when compared with adults. 44 Most aneurysms (78%) were ruptured. Mostly in the early years of the series there was a clear delay in the diagnosis of an aneurysm after classical symptoms of SAH. This delay was mainly due to the family's reluc tance to seek medical care. Also, there were delays by the referring doctors of diagnosing SAH due to its rarity in this age group, resulting in rebleedings. 42 The major ity of the patients were in good neurological condition at admission. In the early years, patients with SAH were kept bedridden, and the aneurysm was typically operated on within some weeks after the initial bleeding, resulting in a total of 4 rebleeds before the planned surgery. Cur rently, ruptured aneurysms are treated as soon as possible at our department, 80% within 24 hours. Surprisingly, the neurological condition of patients at admission was not significantly better during the modern era, as would be expected due to major advances in emergency care and neurointensive care.
Aneurysms
Most aneurysms were located in the anterior circula tion, especially in the ICA and ACoA. The ICA has been reported to be the most frequent location in pediatric pa tients, 42 differing from that of adults (MCA in more than 30% of Finnish patients). 6 Also, these patients had a lower frequency (12%) of multiple aneurysms than adult patients (approximately 30%). The mean size of the ruptured an eurysms (9 mm) and unruptured aneurysms (21 mm) was a little larger than what has been reported in the adult population in Finland (7 mm). 21 The proportion of giant aneurysms was slightly higher (12%) than what has been reported in the adult population (5%). 30 In a recent series of 48 patients treated at Barrow Neurological Institute in Phoenix, which receives referrals from all over the world, the proportion of giant aneurysms was higher (27%), 25 but most aneurysms were also located in the ICA, consistent with results in our patient series. 25 Furthermore, in our populationbased series, most aneurysms had ruptured, in contrast to the recent series from tertiary referral centers. 25, 48 During the early years, unruptured aneurysms were not systematically treated at our department.
In our series, there were 10 patients with traumatic aneurysms. Seven of these 10 aneurysms were located in distal branches of either the ACA or MCA. One patient had an ACoA aneurysm. The origin of this aneurysm was assumed to be traumatic due to the patient's history of head trauma. However, there are no reports of trau matic aneurysms in this location, and therefore it remains unclear whether it actually was an incidental finding in a trauma patient. These patients were younger than the patients with spontaneous aneurysms. In 3 patients the aneurysms bled later after a mean of 4 weeks. The major causes for highenergy trauma were motor vehicle acci dents in the 1950s, 1960s, and 1970s. Currently angiogra phy is not used as the primary imaging method in trauma cases; therefore, asymptomatic traumatic aneurysms may remain hidden. Furthermore, children may have a greater tendency for traumatic aneurysms than adults. As previ ously reported, 55 the formation of a traumatic aneurysm should be regarded in a patient with a history of head in jury with new neurological symptoms.
The proportion of infectious aneurysms is higher in the pediatric population than in adults.
14 However, in our series there were no infectious aneurysms.
Two of the patients were admitted to our department years after the initial aneurysm treatment with bleeding from a de novo aneurysm. In addition to these 2 patients, we found 1 patient with lethal de novo aneurysm bleeding discovered at autopsy. In the written questionnaire, 3 pa tients reported to have had de novo aneurysms diagnosed and treated at other hospitals. Thus, the total number of de novo aneurysms was 6 (5%), which is considered to be relatively high. Based on this series a new angiographic followup has been recommended for the patients cur rently living (n = 74), and this may identify more patients with asymptomatic unruptured de novo aneurysms.
Treatment
There has been a debate over the 2 treatment modali ties for pediatric cerebral aneurysms (microsurgical and endovascular). Two recent papers promote endovascular treatment over surgical treatment. 1, 32 However, another study found microsurgery to be more efficacious and du rable, especially when considering the long life expectancy of children. 48 Sanai et al. 47 found that the number of de novo aneurysms was considerably higher in the endovascularly treated patients, thus suspecting that the coiling procedure itself harms the previously somewhat fragile vessel wall, predisposing patients to aneurysm formation. In our series, the majority of the patients were microsurgically treated even during the recent 20 years when endovascular treat ment has been available. This result is partly due to our vast experience in microsurgery. In our series, due to the small number of endovascularly treated patients, no statis tical comparison between the 2 treatment methods could be performed.
It is somewhat surprising that quite a large number of conservatively treated patients (44%) with a ruptured aneurysm in childhood have a good longterm outcome, taking into account the number of these patients who con tinue to smoke. However, almost one third had died due to rebleedings without proper followup imaging, which is currently recommended. The incidence of rebleedings was not associated with any specific factor in patients or aneurysms among the conservatively treated patients.
Of the 89 patients with ruptured aneurysms, only 2 (2%) eventually received permanent shunts, reflecting partly the lack of proper imaging to exclude hydrocepha lus in the early series. This rate is much lower than that reported recently by Kakarla et al. 25 and when compared with adult series with 10%-20% typically developing shuntdependent hydrocephalus.
43,54
Follow-Up
The fact that classic connective tissue disorders were not diagnosed in our series led us to suspect these patients had some vascular disorders that would predispose them in the future to cardiac diseases or other cerebrovascular events. However, this was not the case, with the exception of de novo aneurysms. The incidence of hypertension, hy percholesterolemia, stroke, and other conditions was no higher than in an agematched Finnish population. Also, there was no increase in the incidence of autoimmune disorders.
The mean proportion of smokers in Finland has been reported to be 22% in males and 16% in females (http:// www.stat.fi/til/tupk/index_en.html). In our patient group, however, the proportion of current smokers was more than 3fold higher compared with the general popula tion of Finland. There was also a long history of smoking among these patients.
The 2 most significant factors associated with a fa vorable longterm outcome were aneurysm location in the anterior circulation and complete aneurysm closure. Fur thermore, good neurological condition of the patient on admission and absence of early and postoperative vaso spasm correlated with a good outcome. In our series, the timing of the first angiography was relatively late (9 days after SAH) when compared with modern practice. The fact that discharge outcome was poorer among younger patients is interesting. Age of the patient had no correla tion with longterm outcome. It should be noted that only a minority of the patients was younger than 10 years old and almost a third had traumatic aneurysms and head trauma, which would affect the discharge outcome.
The treatment method had no correlation with out come, mainly due to inefficient completeness of aneurysm closure during the early years. In turn, incomplete aneu rysm closure was associated with neurological deficits. The educational level in Finland in the 2000s is high, with approximately 39% of the population graduating from high schools and approximately 7% graduating from uni versities (http://www.stat.fi/til/vkour/index_en.html). The educational level of the patients in our series did not reach these levels, but it should be noted that our series has a wide time interval, with the majority of the patients com pleting their education in the 1980s. The majority of the pa tients were meaningfully employed, with only 2 longterm survivors never employed due to cognitive deficits related to SAH. It should be noted that even though onethird of the patients in our series had a neurological deficit, they managed well in their lives, and most of them believed that the aneurysm and its treatment had not affected their lives when considering education, careers, or social life.
Conclusions
During the years 1937-2009 a total of 114 pediatric patients with intracranial aneurysms were treated at the Department of Neurosurgery at HUCH, which represent ed 1.3% of all patients treated for aneurysms (n = 8996) during that time period. There was a male predominance in these pediatric patients. The majority of the aneurysms were ruptured. Eightynine percent of the aneurysms were located in the anterior circulation, with ICA bifurcation the most frequent location. The mean size of the aneu rysms was 11 mm. Most patients had a good recovery but they had a tendency to develop de novo aneurysms that ruptured later, necessitating perhaps a lifelong followup at 5 to 10year intervals. Most longterm survivors expe rienced a good recovery, with 91% living at home inde pendently without assistance and meaningfully employed. Altogether, almost a third of these patients finished high school and one-fifth had a college or university degree. Factors correlating with a favorable longterm outcome were good neurological condition of the patient at admis sion, aneurysm location in the anterior circulation, com plete aneurysm closure, and absence of vasospasm. In our series, there was a lack of predisposing factors common to patients with pediatric aneurysms, such as connective tissue disorders. There was no increased family history of aneurysms in these patients when compared with adult patients with aneurysms.
